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(57)Abstract 

PURPOSE: To produce the free cutting steel having the good accuracy of the surface finished by machining by 
subjecting a steel having a specific compsn. consisting of C. Si, Mn, Al, P, S. N, and Fe to a specific heat treatment 
and solutionizing a specific ratio of C into proeutectoid ferrite. 

CONSTITUTION: The steel contg. 0.03 to 0.20wL% C, ≤0.30% Si. 0.30 to 1.60% Mn. ≤0.050% Al, ≤0.12% P.0.03 to 
0.50% S, and ≤0.015% N, further, contg. at least one kind of 0.01 to 0.40% Bi, 0.01 to 0.40% Pb. 0.001 to 0.20% Te. 
and 0.001 to 0.20% Se at need, and consisting of the balance Fe and unavoidable impurities is heated up to an 
austenite region and is then slowly cooled down to a temp, region of 500 to 700° C. The proeutectoid ferrite is 
precipitated in the steel in this way. This steel is then rapidly cooled from the above-mentioned temp, region to 
solutionize 5 to 50ppm C into the proeutectoid ferrite. The steel may be thereafter subjected to an aging treatment 
at need to precipitate the above-mentioned solid soln. C as a fine carbide of ≤100nm diameter at which the 
carbide can be resolutionized into the proeutectoid ferrite during machining at need. The free cutting steel having the 
good accuracy of the surface finished by machining is obtd. in this way. 



CD 

m 

I 

r" 
m 

O 
O 

-< 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



1 / 1 



2006/04/19 8:46 



<19)B*H#?Wf (J P) 



(12)!$ B^P & f(B2) 



(45)56ffB ^10^(1998) 4 A15B 



(ll)fctt#^ 

^2740982^ 

(24) «S B ¥j£10*P (1998) 1 n 30 B 



(51)IntCl. B 

C 2 2 C 38/00 

C 2 1 D 6/00 

C 2 2 C 38/60 



3 0 1 



F I 

C 2 2 C 38/00 

C 2 1 D 6/00 

C 2 2 C 38/60 



3 0 1M 
J 



»*«©Sc8(± 11 H) 





SHB^K— 338517 


(73)&ftti# 


999999999 










(22)ttiKB 


^2^(1990)11^300 




^JftttFTfr+ffcEBgOT 1 TB 3 S18 










(65) &BB#^ 


&B973-264648 


(72)58W# 


ft 


(43)&MB 


¥J6fc34f(1991)ll/J25B 




ftjS»#Fm^*KJB % 7—3—2- 




¥fK 8*^(1996) 1/125 B 




214 


(31)«ifctfcfe3&#^ 


1HPP2-50311 


(72)&9i# 


iEPS 


(32)«fcB 


Jp2 (1990) 2)128 B 




^iR#FrUSK^ffl*miS|616- 29 


(33)«jfetl*!BB 


B* (JP) 


(74)ftSA 













(54) «J»Jft±®MS©ck^tfegiJ»!&^cDS^ffi 



(57) i»Ktn*<oms] 

C 0.03-0.20%. 

Si 0.30%.£*T. 

Mn 0.30—1.60%. 

Al 0.050%£tT. 

P 0.12%WT. 

S 0.03-0.50%. Rtf 

N 0.015%^T 

C 5 -50ppm^r.|D^7^7-r hflCigt, 

[»**2] lf%CT 
(a) C 0.03-0.20%. 



Si 0.30%J£JLT. 

Mn 0.30—1.60%. 

Al 0.050%J£i.T. 

P 0.12%J£AT. 

S 0.03—0.50%. RXf 

N 0.015%J^T 

ST**. 

C 5— 50ppn*r«J*r:7^7>f h^lCdigL. 

(b) Bi 0.01-0.40%. 
Pb 0.01-0.40%. 
Te 0.001-0.20%.. XV 
Se 0.001-0.20%. 

J: 9 ft58¥a»baSlXlx£'>* < t t> ltt<05c*£:$^ 



[18*913] sa%(cr 

C 0.03—0.20%. 

Si 0.30%J£AT, 

Mn 0.30-1.60%. 

*" Al 0.050%J^T, 

P 0.12%^T, 

- S 0.03-0.50%, RXf 

N 0.015%«T 

hmc1)mLtc'&. 500-700 o CO?aS^^T*^^ 
. T^b^LT, ±&Wffi7=-7'< h^t-C^r 5-50ppm 

(a) C 0.03-0.20%, 
Si 0.30%^T, 

Mn 0.30-1.60%. 

Al 0.050%£*T, 

P 0.12%J^T, 

S 0.03-0.50%, RZf 

N 0.015%J£AT 

(b) Bi 0.01-0.40%, 
Pb 0.01-0.40%, 

Te 0.001-0.20%, RX1 
Se 0.001-0.20%, 

h«tC&D!lftLfc:$L 500— 700^ 

i>e>«»lT, ±I5WW7^7-f h<Ncc£r5-50ppin 
■»S*5CitWit5«I«tt±B»l«OJ:v*||iJ 

C 0.03—0.20%, 

Si 0.30%^T, 

Mn 0.30-1.60%, 

Al 0.050%^T. 

P 0.12%^T, 

S 0.03-0.50%, 

N 0.015%^IT 

lo, 5-50ppm^CS:«IfiiJ*tc^W7 3i7>c 

fiiJtt±B««oJ:v^BiJ«l 0 

[M#8 6] Sft%«cT 

(a) C 0.03-0.20%. 
Si 0.30%«T, 
Mn 0.30-1.60%, 



(2) S2 7 4 0 9 8'2f 



Al 0.050%WT, 

P 0.12%£AT, 

S 0.03-0.50%, RXf 

N 0.015%J^T 

*rff^ fl.o, £<a3K E.o, S-SOppmOCSrSJfi'Jt 3 
[Ctytity^?^ h^iCS^^L^^E^lOOnmJ^T^m 

(b) Bi 0.01-0.40%, 
Pb 0.01-0.40%, 
io Te 0.001—0.20%, RXf 
Se 0.001—0.20%, 

[SWegt7] lt%ict 

C 0.03-0.20%. 

Si 0.30%^T. 

Mn 0.30—1.60%, 

Al 0.050%^T. 

20 P 0.12%^T. 

S 0.03— 0.50%, RX* 

N 0.015%^T 

**** nn&Rx*^mito*mo&*)t£Z>m**'-* 

7-1-4 h«ldJniSRLfctt, 500-700 o CcD?US^c^"C^?^ 
^bftftfC, ±&fiW\y=-7'( b^tCC^r 5-50ppm 

H*£-fc\ 50-300 < C<omS«^-CB*SbS^:5 
I^CJ:ot N BSC Sr^OfiWtctDW 7317 >f Hcfflg 
*U#SiISl00iiBaT^«IIB*J«{k*fc LT#ri±i£it 

[M*S8] mft%{C-C 

(a) C 0.03-0.20%, 
Si 0.30%JL^T, 

Mn 0.30-1.60%, 

Al 0.050%J£JIT, 

P 0.12%£TF\ 

S 0.03—0.50%, RXI 

N 0.015%J£JtT 
40 SiC, 

(b) Bi 0.01-0.40%, 
Pb 0.01-0.40%, 

Te 0.001-0.20%, RU> 
Se 0.001—0.20%, 

h«c(c»D?!ftLfct£, 500-700 4 C<OfaK*S*-?t*?fr 

^bft»LT, ±IE|D«f73i9-r h^lCC4r5-50ppm 
U?g£-£. ^com, 50 - 300°CO^«^(CTH^$-fr^ 

so - t iaot, mmc^mm^^w^ry^y^hiz^m 



(3) 



^2740982^ 

6 



^piaot, *ti*fti<7)mmte, ^(ommm^mte 
5 0 ftBij«oiBfitfK*5^-cti:. it±mmm^mm 

£o 

tOTfcoT. «JB»Jtt±BB»*Oj:v^BiJ«X^(D»5t 

a£JH £ WSt-T 5 co ^© 

ic £ 5§JfiiJtt±ffitt*<a £ V ^ftfiiJ»i7>5S 1 I*. 30 

C 0.03~0.20% N 

Si 0.30%J£XT. 

Mn 0.30—1.60%, 

Al 0.050%^T. 

P 0.12%£AT, 

S 0.03-0.50%. RXf 

N 0.015%^T 

C 5 — 50ppmS:ln«f7 3:-7-f h^Cigl, 40 

lf%(CT 

(a) C 0.03-0.20%. 

Si 0.30%^T, 

Mn 0.30-1.60%, 

Al 0.050%£IT. 

P 0.12%J^T. 

S 0.03-0.50%, RXf so 



N 0.015%&T 
Io, 

C 5-50ppmSr|D«f73i7>r 
(b) Bi 0.01-0.40%,, 
Pb 0.01—0.40%, 
Te 0.001—0.20%, 
Se 0.001—0.20%. 

or. 
if%lcc 

(a) C 0.03-0.20%,. 
Si 0.30%i^T. 

Mn 0.30—1.60%, 

Al 0.050%>J^T. 

P 0.12%£TF> 

S 0.03— 0.50%>. RXf 

N "o.015%£TF 

(b) Bi 0.01-0.40%. 
Pb 0.01-0.40%). 

Te 0.001—0.20%>. Rtf 
Se 0.001-0.20%. 

xT-r^f h«{cjps!&Lfe«, soo—7oox:o?a««*T?tfe 

«35»5)ftftLT, ±e*D*r:*^7>f F*(;iC£5-50pp 
*»WKiJ:5«BiJttJ:BI»*oj:v^lfcBiJ«|oJS 3 ttt, 

ms:%{c-c 

C 0.03—0.20%), 

Si 0.30%J£*T. 

Mn 0.30—1.60%>. 

Al 0.050%,iUT. 

P 0.12%J^T. 

S 0.03-0.50%, RXf 

N 0.015%oJ^T 

Io, 5-50ppmOC£^By*^Wr:7^ 

*«WJc:j:5«JB'JttJiffi»ft^<tv^fiiJ»^S4tt, 
SS%(CT 
(a) C 0.03-0.20%). 
Si 0.30%J£AT. 
Mn 0.30-1 .60%>, 



7 



(4) 



$2740982^ 

8 



Al 0.050%^LT. 

P 0.12%£LT, 

S 0.03-0.50%, RXfi 

N 0.015%WT 

.Ro, £o, 5-50ppm(DC£i23B'J 

tpiCWffiy^y't h «PicSH» L»6iESl00nm£jlTO 

(b) Bi 0.01-0.40%, 

Pb 0.01—0.40%, 

Te 0.001—0.20%, RXf 

Se 0.001—0.20%, 

-c, aa%(c-c 

(a) C 0.03—0.20%, 
Si 0.30%J£JtT, 

Mn 0.30—1.60%, 

Al 0.050%^T, 

P 0.12%J^T, 

S 0.03—0.50%, RXf 

N 0.015%J£JtT 

(b) Bi 0.01—0.40%, 
Pb 0.01-0.40%, 

Te 0.001-0.20%, RXf 
Se 0.001-0.20%, 

h«tc*03»LfctSL 500-700X:o^StS*T^ 

U^bftftLT, ±t^WVfy^^^ h^tCC^5-50pp 
mBS$H*\ *<DfJK 50-300°C^^^iC-CP$^b^^5 

JSU#5ii:Sl00nm«TO»jW*«^«i: LT*rfcB$-fr 

zzt (aortic c £ fc-vz 5 C 

— iRtc, utmost z>®;mm<o 

*V\ «/&23ft^£/£te, tt±B»««r^{l:$^:6*«. 
Lt^U X^cDJJSfc^lSLT, 
±£-£<50T% **2Jft*5fe£lc*<1-r £te, #«T' 
#v^<btfe£ c lot, *»*»5«*^ltTtf. ftfiUW 



-iaot, »tfa*±#U ^IwcfcoTte, ttftSl* 

i/^o *36W#<bte\ ^-6*»:«BU ttWS^Sb 

a*|fil±* -fr.-5 w i ^-e# 5 - i Srlffl tr , Hij32ELfc 
*l»o«r*ftftfi»J»l«caiitLfctO-efc5 0 
Hie, ia&fatctDtff:7^7>Y h'Pl-EiSLfcCte, 

io so°c^±, 3oox:«T^aa«-e^B#a«-J:or. c# 
$J B'J * , r Br« MS a* ft 40o°c k Jb * 5 £ , 

B 'J M t - ©J it L fc co -C £> 5 o 
20 lor, *»W*cJ:ixtfv S**<oSlv^a*JS«-<^ 

UT, *>< It, .«IHiJtt±B«*wJ:v^BiJ»l«r»*w 
KM-*-*, 

Cte, s£«*Sil«Sr«ift-r6fc»lC * 0 life 

ij>*v ^B'JttTSM&T-r^^-e, o.o3%£x±(om 

0.20%ir-T5o 
Site, fSLWtffimmt LTJBv^ttSr^fcSas, # 

te, 0.30%WTti-^o 

Mnte, MnScO^cO^i^tC, ^>/^< <t fc0.30%^gsJtJP 

40 £i£Z><DX% ±PfiS:1.60%i:i-5c 

Alte, HKffl&V«AttAEIIttffi^ Lrffiv^&ttSw 

Z><DX\ ±PS$r0.050%ir-T5o 

Pte, ttfi"Jtt<oi^±o^cae){caS*D-r5-i:^S>5^. 

0.12%£-f 6o 

Ste, gSi2l!LfcMnSSr±^:L-C, *fiiJttSr|fil±S-ti:5 
(^ffi^U a^Sja^Sr^t-W^fc**-, 0.03%J^ 

so te, Sira^DX^^rfgT^^^cDT', ±PI&0.50%£-f 



(5) 



f&2 7 4 O 9 8 2# 



60 

NIL BuilEL*:*?^ tt±B«fflE*lSl±S^:6a* 
tt. ±fig£0.015%<!:-f £ 0 

fi£D_L|8i±. 50ppm£i-<5 o 
Hie, *J8W«wJ:S«2»OttBiJ»«c*3V^rW:, »*S 

-£5*:#>lc:. £ fe5ppna*jeH?-efc5 B Lt^U if 

'*^©-c, »»i*^kfti: urwtus-ti:sc*o±ia 

I3\ 50ppmi:^5 o 

ttB«JttS:rSfl±S*5Bi, Pb, Te&0*Se£ 9&*«d>'bai 

<D£ 5 #ffi8Uteoft±£#6fc#lciL Bi&U?blco^ 
TIL Z;tl^tlO.Ol%&>±<Dmm&&mk U Te&tfSe 
fCo^TIL -ttb^ r tt0.001%EJL±oaSSD*^5!ti"- 

lc N SH»<cai*^i«*fcB«)e>tt-f, Sic. SS5£»ffl* 
^{cSJ*5<ir w5/)^, «»D*o±(Rtt, Bi&t>*Pblco 
^TIL **X^;W).40%£ U Te&tfSefCoV^tL -t 

n^tuo.20%<bi-^ 0 

±ISW^f^^7-f ICC* 5 — 50ppmHJg$-t!:5 r. t 

ic*s«fc5K, ±ffiflDi»?asw»$?5oo-7oox;, #^l< 

l2550~650 o CcD^J£l£T*f£ft It, UJflr 



10 

E-ftftiPfflhiftSlL 700°C££S;i<5<h#IL 

f* s +»«cWtauftv^-tii* s *>9s 500 
°C<fc9<bf&v^£lL C(Dl»»S5F+»t4'5. 

"h, fuizkLfc^ ? IC, ^DW^^7^ SOppmCO 

0°CJ: «9 fc*V^#tt:. WaLfcjR^aMTOniDJ: 13 fc* 

t5»S:t-^ft>f hmO)mVtL&. 500-700^^ 
C£ 5-50ppm@^$ii:5 Ci:{Cj:ot, ^ 1 g¥OftB'J 

40 5o 

sic. *^0^icj:ixii\ m7z<Dit*£f&ft*m-r zm* 
jsr-^-r^ hmcmmi*tz'&. 500— 7oo < c^tas«* 

-CffeftLT, -tDW^^7^ h£#?tti£-t>\ i^^T% ±is 
50ppm@ » $ S . 50 - 300^ C7) IC T £ -fr ^ 

:^iaot, HScftSJfiU^ *c*o«f73i7>f h^ics 
H®u#5Di:sioonmeJiTo«aa*jK<k:«ii: urwtu^ 

i±5^<hlcJ:ox. »2l¥oftB'J«iS:»5wi:^t?# 
so *^5*»WtcJ:-5ttBiJ»i(cJ:ix«, flfjizELfci:^ 



11 



(6) 



i2740982§ 

12 



* mm z mm\zm&j)ft*^ £ < &i£it t$ ^x . 

Hot, ft*^?^ gigft^ 

• j&rdWDXl£<Df£T^v\ 

1 Utw^-T «fc 5 IC, 910^^2 8*18. UMU 550-65 

tetter, iffct^x<, mxtitix<n±9it 

t\ agfiMO— 100ra/5K 5£9 0.04mm/rev.(CT7^-— 5 > 



3EI»C*i-J: 910*CT?2^Frax *M&SU 550-65 

tt&m^ IBi:«KtrS:JS2ia*c*'rJ:5«c % 910°C 
5(Otf N *RfBSDXtttc|-ifiiib»»«:&JS*<cv\ Arabia 



50 



15 





mm 


CC) 


(ho) 


vJrcll 

m 
&) 


L±- 1_ 

tt-L 
(Rz) 


(Mm) 


1— A 


tiMm 




2.0 


100 


28 


152 


1-B1 


mjim 


550 


11.5 


100 


23 


138 


1-B2 


mm 


600 


22.7 


100 


20 


122 


1-B3 


mm 


650 


49.3 


100 


18 


109 


2-A 


tiMm 




1.6 


100 


13 


85 


2-B 


mm 


600 


25.2 


100 


9 


72 


3-A 


amm 




2.5 


100 


15 


107 


3-B 


mm 


600 


30.2 


100 


11 


89 


4-A 






1.8 


100 


13 


84 


4-B 


mm 


600 


23.1 


100 


10 


69 


5-A 


tiMm 




2.2 


100 


14 


89 


5-B 


mm 


600 


24.0 


100 


11 


73 


6-A 


tiMm 




1.9 


100 


23 


138 


6-B 


mm 


600 


27.5 


100 


18 


122 


7-A 






2.4 


100 


27 


145 


7-B 


mm 


600 


20.9 


100 


21 


124 


8-A 


tiMm 




1.4 


40 


52 


352 


8-B 


mm 


550 


6.8 


40 


45 


309 


9-A 


tiMm 




1.6 


40 


49 


325 


9-B 


mm 


600 


14.6 


40 


40 


279 


10-A 


tiMm 




1.9 


40 


45 


320 


10-B 


mm 


600 


11.6 


40 


38 


375 


11— A 


tiMm 




1.5 


40 


47 


295 


11— B 


mm 


600 


14.8 


40 


39 


275 


12-A 


tiMm 




1.2 


40 


42 


287 


12-B 


mm 


600 


12.4 


40 


35 


262 


13-A 


tiMm 




2.3 


100 


22 


131 


13-B 


mm 


600 


18.5 


100 


17 


105 


14-A 


tiMm 




3.0 


100 


24 


128 


14-B 


mm 


600 


22.3 


100 


16 


95 


15— A 


tiMm 




1.7 


100 


10 


79 


15-B 


mm 


600 


19.9 


100 


7 


42 


16-A 


tiMm 




1.8 


40 


42 


223 


16-B 


mm 


600 


10.9 


40 


33 


199 


17-A 


tiMm 




1.1 


40 


33 


189 


17-B 


mm 


600 


9.7 


40 


25 


171 



12740982^ 

16 



m 3 m 





mm 


fit A 
US. 

<X3) 




ayt 

Km/ 


U — L_ 

tRz) 


o 

( Mm) 


l-A 


tiMm 




2.0 


100 


28 


152 


1-B1 


mm 


550 


10.9 


100 


24 


130 


1-B2 


mm 


600 


21.7 


100 


20 


125 


1-B3 


mm 


650 


47.5 


100 


19 


113 


2-A 


tiMm 




1.6 


100 


13 


85 


2-B 


mm 


600 


23.4 


100 


10 


71 


3-A 


tiMm 




2.5 


100 


15 


107 


3-B 


mm 


600 


28.3 


100 


11 


93 


4-A 


tiMm 




1.8 


100 


13 


84 


4-B 


mm 


600 


20.6 


100 


11 


65 


5-A 


tiMm 




2.2 


100 


14 


89 


5-B 


mm 


600 


22.8 


100 


12 


73 


6-A 


tiMm 




1.9 


100 


23 


138 


6-B 


mm 


600 


25.6 


100 


19 


125 


7-A 


tiMm 




2.4 


100 


27 


145 


7-B 


mm 


600 


18.9 


100 


23 


132 


8-A 


tiMm 




1.4 


40 


52 


352 


8-B 


mm 


550 


5.8 


40 


46 


301 


9-A 


tiMm 




1.6 


40 


49 


325 


9-B 


mm 


600 


13.0 


40 


42 


265 


10-A 


tiMm 




1.9 


40 


45 


320 


10-B 


mm 


600 


9.3 


40 


40 


281 


11— A 


tiMm 




1.5 


40 


47 


295 


11— B 


mm 


600 


13.8 


40 


40 


269 


12-A 


tiMm 




1.2 


40 


42 


287 


12-B 


mm 


600 


9.4 


40 


36 


263 


13-A 


tiMm 




2.3 


100 


22 


131 


13-B 


mm 


600 


16.2 


100 


16 


101 


14-A 


itmm 




3.0 


100 


24 


128 


14-B 


mm 


600 


20.9 


100 


12 


89 


15— A 


tiMm 




1.7 


100 


10 


79 


15-B 


mm 


600 


17.7 


100 


9 


51 


16-A 


tiMm 




1.8 


40 


42 


223 


16-B 


mm 


600 


9.3 


40 


33 


202 


17-A 


tiMm 




1.1 


| 40 


33 


189 


17-B 


mm 


600 


8.3 


40 


28 


169 



17 



(9) 



12 7 4 0 9 8 2^- 

18 



«ais:*-i-jRtoaH-c*>s, twtwt* *5H«. w<o&iu&tt*^i-8 

[Hi] [»2B] 




[«3B1 



910*C X 2hrs 



i(550~650"C> 



7 



50~300'C 




, 1 ju<m 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



Ud FADED TEXT OR DRAWING 
STbLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



111 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





